Abstract. In this paper, we propose a near-field waveguide probe loaded with one novel small resonator, which is composed of vias and strips using printed circuit board (PCB) technique and named via-split-ring resonator (VSRR). Measurements are accomplished using one dimension automatic platform and vector network analyzer. Experimental results verify the probe has high sensitivity and good resolution in detecting closely spaced narrow cracks.
Introduction
Corrosion in metal surface for aircraft structural components, which usually take the shape of narrow cracks, is very serious for aviation safety. Thus, it is a very significant task to detect these small defects before they become relatively so large as to harm aircrafts. To avoid this danger, many nondestructive testing (NDT) probes based on near field microscopy have been proposed. Some probes take the shape of prototype/remoulded waveguide, such as open-ended waveguides [1, 2] , tapered waveguide [3] , open-ended dielectric slabloaded waveguides [4] , etc. In recent years, inspired by the idea of super-lens [5] , some probes are designed to produce a desired subwavelength focal pattern by using an array of closely spaced scatterers [6, 7] . These instruments include, transmission-line lense [8] , end-fire antenna array coaxial line probe [9] , etc. In addition to the efforts for near field patterning, some researchers improve the sensitivity and resolution by employing double negative (DNG) or single negative (SNG) media [10, 11] . Sensitive probes are also designed by using single SRR [12] , single CSRR [13, 14] , and linear array for SRRs [15] . Summarizing the aforementioned probes, the key to get high sensitivity is to confine the electromagnetic energy distribution as concentrated as possible. As a result, the perturbation from the imperfect surface can affect this distribution more obviously when the probe scans this exact defect point.
In this paper, we employ one novel small SRR to accomplish this confining structure. This novel SRR is composed of vias and strips using PCB technology, and named via-split-ring resonator (VSRR). The VSRR is loaded in the middle open end of a WR-62 waveguide. The magnetic field component parallel to the plane of waveguide open end is employed as the exciting field for the VSRR. At the resonance condition, the VSRR enhances the magnetic field in the close proximity of the waveguide opening center, thus making it suitable for detecting changes that perturb the resonance condition. Experimental measurements indicate the proposed probe has good sensitivity and spatial resolution for detecting a metallic surface with narrow cracks. Figure 1 presents the structure of the VSRR cell, which is composed of four hollow vias, two long strips and four short strips. This VSRR structure could be categorized as an approximately broadside-coupled spit-ring resonator (BCSRR) according to Ref. [16] . The inner and outer radii of the hollow vias are r in = 0.1 mm and r out = 0.2 mm respectively. The distances between the vias are w x = 1 mm and w y = 2 mm along x and y axis. The width and thickness of the strips are w 0 = 0.4 mm and t 0 = 0.034 mm. The width of the gap in the strips is s = 0.2 mm. The thickness of the substrate is t = 1.524 mm. The substrate material for the PCB board is Rogers4003 with a relative permittivity of 3.38 and a dielectric loss tangent of 0.0027 over the frequency band of interest. At the dominant mode TE 10 , the electromagnetic wave in WR-62 waveguide has H z and H x components. For this VSRR, H x component is employed as the exciting field because this magnetic component is perpendicular to the two via-strip loop of VSRR. When the waveguide probe scans a metallic plate, the defects on the surface of the plate perturb the distribution of surface electrical currents. As a result, the flux passing through the two loops of VSRR changes, which is more obvious at resonance condition. Therefore, the defects on the metallic surface are detected by recording the change of reflection coefficient using vector network analyzer.
Design and Fabrication of Probe

Experimental Instruments and Results
The experimental setup is shown in Figure 3 . The probe is fixed on the one dimension automatic platform (the coordinates are defined as presented in Figure 1 and Figure 2 ). The probe is positioned at a fixed standoff distance with the waveguide flange parallel to the metal surface. The measuring procedure is totally controlled by the computer using a USB-RS232 cable. The metallic plate is fixed on the platform and can be moved along y-axis according to the command from computer. The reflection coefficient is measured by the vector network analyzer (HP8510C) and recorded by the computer using a GPIB cable. The precision for moving the metallic plate is 0.1 mm/step in all experiments.
The sensitivity and spatial resolution of the novel probe were tested by scanning an aluminum board with two parallel narrow cracks along y-axis. The detection was performed by monitoring the magnitude of S11 using vector network analyzer. The detection diagram is shown in Figure 4 . The operation frequencies is 14.52 GHz. The couples of cracks are all parallel to the waveguide broad side. While, the metallic plate moves along the direction of the waveguide narrow side. The metal board is an aluminum plate. Both cracks have the same dimension. The width and depth are 0.1 mm and 2 mm respectively. 'g' is the distance between the centers of cracks. 'd' is the standoff distance between aluminum plate and PCB patch. 'd' is fixed to 0.1 mm during testing procedure. Figure 5 shows the experimental results for detecting parallel cracks with different separations changing from 0.5 mm to 2 mm. The VSRR probe generates two dips when the separation is greater than 0.5 mm. When the separation is smaller than 0.5 mm the probe shows only one peak, which means the probe cannot predict the separation. 
Conclusion
A novel near field probe was proposed and experimentally tested, which consists of an open ended waveguide and a quasi rectangular via-split-ring resonator. The spatial resolution was verified by detecting differentiated two parallel cracks on an aluminium surface. When the separation is greater than 1.5 mm, the probe produces two distinct skins. The measurements also indicate the probe is sensitive enough to detect crack with 0.1 mm width. The high sensitivity and resolution are attributed to the novel VSRR structure which is qualified for enhancing the magnetic field in the close proximity of the waveguide opening center and transferring the information of electromagnetic perturbations to the VNA testing port through waveguide.
